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A.  A.  Galuska  and  G.  H.  Morrison* 


Department  of  Chemistry 
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Ithaca,  New  York  14  853 


BRIEF 

The  linearity  of  secondary  ion  yields  and  spattering 
yields  with  composition  was  shown  for  AlxGaj_xAs. 
Calibration  lines  for  Be,  Si,  B,  P,  and  As  were 
obtained  using  practical  ion  yields,  relative 
sensitivity  factors  and  relative  ion  yields. 


AC8303 825 
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The  spattering  end  ionization  of  surface  atoms  by  ion  bombardment 
is  the  basis  of  secondary  ion  mass  spectrometry  (SIMS) .  High 
sensitivity  for  most  elements  and  excellent  depth  resolution  (less 
than  100  &)  have  made  SIMS  an  attractive  method  for  concentration 

depth  profiling.  Although  the  technique  had  been  applied  successfully 
to  a  variety  of  materials,  the  complexity  of  the  sputtering  event  has 
made  quantitative  analysis  difficult.  Secondary  ion  yields  vary  over 
several  orders  of  magnitude.  In  addition,  the  ion  yield  of  each 
element  is  influenced  by  a  variety  of  factors  including  the  nature  of 
the  primary  ion  beam  (1-3),  residual  gas  pressure  (4),  and  matrix 
effects  (5,  6) . 

The  fabrication  of  external  and  internal  standards  by  ion 
implantation  has  provided  an  accnrate  (±  15%)  means  of  quantifying 
trace  element  distributions  inhomogeneous  matrices  (7-9).  However, 
due  to  varying  matrix  effects,  the  quantitative  analysis  of 
heterogeneous  matrices  is  extremely  difficult.  A  depth  profile  of  a 
sample  composed  of  more  than  one  matrix  (in  particular,  layers  of 
different  matrices  stacked  one  on  top  of  the  other)  becomes  distorted 
by  the  variation  of  secondary  ion  yields  and  sputtering  yields  with 
matrix:  signal  and  time  are  no  longer  proportional  to  concentration 

and  depth,  respectively. 

There  are  two  principal  explanations  for  the  variation  of 
secondary  ion  yields  with  matrix.  It  has  been  suggested  that  matrix 
effects  are  merely  a  function  of  sputtering  yield  (10,  11).  Lower 
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spattering  yields  enhance  the  bnild-up  of  reactive  primary  ions  (0+  or 
Cs+)  in  surface  layers  resulting  in  increased  secondary  ion  yields. 
Alternatively,  others  (12,  13)  have  asserted  that  ion  yields  are  a 

linear  function  of  matrix  composition.  Neither  theory  attempts  to 
explain  the  variation  of  sputtering  yields  with  matrix.  Neither 
theory  has  been  rigorously  evaluated  or  applied. 

Current  trends  in  semiconductor  technology  require  the 
development  of  an  applicable  method  of  matrix  calibration.  Devices 
composed  of  Group  III  and  V  compound  semiconductors  (such  as  FET's,  CW 
lasers,  power  FET's,  IMPACT*  diodes,  varactor  diodes,  and  mixer  diodes) 
are  being  rapidly  developed  (14-16)  using  growth  techniques  such  as 
molecular  beam  epitaxy  (MBE) .  These  compound  matrices  are  also  being 
used  to  construct  superlattices,  alternating  thin  semiconductor  layers 
of  varying  composition.  Figure  1.  There  is  a  need  for  trace  and  major 
element  quantification  in  and  through  these  layers.  The  use  of  SIMS 
to  monitor  elemental  distributions  through  thin  layers  and  interfaces 
of  varying  composition  is  extremely  difficult  due  to  the  changing 
matrix  effects  which  are  encountered.  Proper  calibration  of  ion 
yields  and  sputtering  yields,  however,  can  make  quantitative 
concentration  and  depth  measurements  possible  for  these  samples. 

In  this  investigation,  AlxGa^_xAs  matrices  grown  by  MBE  and 
subsequently  doped  by  ion  implantation  were  examined  for  possible 
matrix  calibration.  Secondary  ion  yields  and  sputtering  yields  were 
found  to  be  linear  function  of  matrix  composition.  Calibrations  using 


practical  ion  yields,  relative  sensitivity  factors,  and  relative  ion 
yields  were  compared  for  precision  and  accuracy.  The  relative  ion 
yield  calibrations  were  precise  and  accurate  to  within  15%. 
Similarly,  relative  sputtering  yield  calibrations  were  precise  and 
accurate  to  within  10%.  The  quantitative  analysis  of  an  ^B+  implant 
into  a  aul  til  ayer-aul  timatr  ix  sample  was  performed  using  relative 
sputtering  yield  and  relative  ion  yield  calibrations  to  correct  the 
depth  and  concentration  scales  respectively . 


EXPERIMENTAL 


Preparation.  The  AlxGaj_xAs  matrices  were  layers  grown  by 

MBE  on  semi-insulating  GaAs  substrates.  The  value  of  x  was  varied 

from  0  to  0.37  while  the  total  atomic  density  remained  at  4.43  X  1022 
3 

atom/ cm  i  0.5%.  The  composition  of  the  layers  was  determined  by 
photolumine scence  spectroscopy  and  verified  to  an  accuracy  of  better 
than  10%  (17)  using  Rutherford  baclrscatter ing  spectroscopy  (RBS)  . 

Prior  to  implantation  all  samples  were  cleaned  with  acetone  and 
methanol.  A  small  piece  of  each  sample  was  then  mounted  on  an 
aluminum  disk,  using  silver  paint,  for  ion  implantation.  A  set  of 
samples  was  implanted  with  9Be+  and  28Si+,  and  a  second  set  was 


implanted  with  22B+  and  82P+. 
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Instrumentation.  AlxGai_xA»  layers  waere  grown  in  a  V ASIAN 
MBE-360  machine  (18).  RBS  measurement s  were  carried  oat  on  a  GQ4ERAL 
ION EX  Tandetron  Model  4110A.  Analyses  were  performed  using  a  2.5  MeV 


He+  ion 

beam 

and 

solid 

state  detection  at  a  1704  angle  from 

the 

incident 

beam 

path. 

Ion 

implantation  was  performed 

us  ing 

two 

dif  ferent 

ion 

impl enters . 

Each  was  equipped  with  a  hot 

f il ament 

ion 

source,  a  magnet  for  mass  separation,  and  quadrupoles  for  ion  beam 
focusing.  Table  I  lists  the  implantation  parameters. 

SIMS  analysis  was  carried  out  with  a  CAMECA  IMS-3f  ion 
microanalyzer  using  an  electron  multiplier  in  the  pulse  counting  mode 
for  signal  detection  (19).  The  instrument  is  interfaced  to  a  HEWLETT 
PACKARD  9845T  microcomputer  for  control  and  data  acquisition.  A  1.0 
Oj-*"  primary  beam  was  rastered  over  a  400  x  400  pa  area  at  an  energy 
of  5.5  KeV.  The  signal  area  was  apertured  down  to  a  circle  60  pm  in 
diameter,  and  positive  secondary  ions  were  monitored.  All  analyses 
were  performed  with  a  residual  pressure  of  2  X  10~®  torr,  and  an 
energy  window  of  130  eV.  A  multiple  sample  holder  allowed  several 
samples  to  be  mounted  simultaneously.  The  depths  of  the  sputtered 
craters  were  measured  using  a  TALYSTEP  stylus  device  with  a  resolution 
of  50  X. 


Software .  Programs  for  instrumental  control,  data  analysis,  and 
matrix  correction  were  written  in  BASIC  for  the  HP  9845T.  Data 
collection  was  performed  using  five  second  integrations  per  mass  for 
each  point  during  the  depth  profiles. 


PAGE  6 

Procedure.  Following  ion  implantation,  samples  were  depth 
profiled  in  groups  of  four  using  a  multiple  sample  holder.  Groups  of 
samples,  including  in  each  case  GaAs,  were  inserted  simultaneously  to 
insure  near  identical  analysis  conditions.  After  allowing  the 
pressure  in  the  sample  chamber  to  reach  a  steady-state  condition,  the 
primary  beam  was  focused  to  a  spot  of  about  100  jim  in  diameter,  and 
the  proper  mass  settings  were  determined.  Without  manipulating  any 
instrumental  parameters,  the  samples  were  analyzed  consecutively  until 
at  least  three  profiles  of  each  sample  had  been  completed.  In 
addition  to  the  implants,  ^As+  was  monitored  for  matrix 
quantification. 


RESULTS  AND  DISCUSSION 


Data  Analysis.  After  profiling  the  samples,  there  are  several 

ways  in  which  practical  ion  yields  (r)  can  be  calculated  (8).  In  this 

study,  elemental  sensitivity  was  assumed  constant  throughout  the  full 

range  of  the  implants.  The  secondary  ion  signals  were  integrated,  and 

the  background  signals  subtracted.  Practical  ion  yields  were  then 

obtained  using  the  implant  finances  F  (atom/cm^),  integrated  signals  I 

(total  counts),  average  atomic  concentration  C  (atom/cm5) , 

*% 

area  A  (cm  )  and  depth  D  (cm)  of  analysis: 


and  the 
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Timplant  ”  ions/atoms'kj  -  Ii/Fi'A  (1) 

^matrix  =  ions/atom  s*^  -  Im/Cm-A-D  (2) 


where  k^  and  kjg  are  dimensionless  instrumental  factors  representing 
the  probability  of  detecting  ions  from  the  implant  and  matrix 
respectively,  t's  however  can  change  drastically  between  analyses. 
Secondary  ion  collection  and  instrumental  transmission  are  influenced 
by  operator  adjustment  and  indeterminate  instrumental  fluctuations 
which  occur  during  routine  operation.  To  reduce  this  effect,  it  is 
common  practice  to  use  relative  sensitivity  factors  (RSF),  as  given  by 
Eqs.  (3)  and  (4),  in  which  the  r  of  an  analyte  is  ratioed  to  that  of 
a  reference  element  of  in  the  same  matrix.  A  knowledge  of  the  average 
concentration  of  the  reference  element  (Cref)  over  the  range  of  the 
analysis  is  required. 


implant  “  Ti'^ref^Tref  ‘^i 

=  Ii'Cref*D/Fi*Iref 
F**Fmatrix  ”  Tm’i:ref ^Tref *^m 


(3) 


(4) 


*m*^ref/^m'*ref 
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The  normalization  procedure  is  designed  to  minimize  the  influence  of 
instrumental  variations. 

In  addition  to  r's  and  RSF' s,  relative  ion  yields  (Rr)  were  also 
examined.  Rt's  are  defined,  for  these  analyses,  as  the  ratio  of  the 
ion  yield  (tx)  of  an  element  in  the  sample  matrix  (AlxGa^_xAs)  to  the 
ion  yield  (tq)  of  the  element  in  a  standard  matrix  (GaAs)  when  both 
measurements  are  performed  under  identical  analysis  conditions.  The 
Rt's  for  implant  and  matrix  elements  are  given  by  Eqs.  (5)  and  (6) 
respectively. 


Rt implant  Tx^T0  ~  *x^0  ^ 

RTmatrix  “  Tx^T0  ~  Ix‘ C0 ’D0^ X0  ’Cx* Dx 


Like  RSF's,  Rt's  are  designed  to  minimize  the  influence  of 
instrumental  variations.  However,  Rt's  have  several  advantages  over 
RSF's  for  matrix  calibration.  First,  Rt's  do  not  mask  ion  yield 
information  the  way  RSF’s  can:  Rt’s  are  directly  proportional  to 

individual  ion  yields  while  RSF's  are  related  to  the  ion  yields  of 
both  the  analyte  and  the  reference  elements.  Moreover,  since  the 
instrumental  factors  of  the  analyte  and  the  reference  (ka  and  kre£> 
can  vary  independently,  RSF's  are  influenced  by  instrumental 
variations  to  a  greater  extent  than  the  Rt's.  In  addition,  Rt's  are 
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designed  to  normalise  matrix  effects  while  RSF' s  are  not. 

In  addition  to  ion  yields,  sputtering  yields  were  also  examined 
as  a  function  of  matrix  composition.  Sputtering  yields  (S)  are 
defined  in  terms  of  the  erosion  rate  z  (cm/sec),  atomic  density  of  the 
sample  N  (atom/cm'3),  and  the  primary-ion  current  density  J 
( ions/cm^-sec) . 

S  =  secondary  atoms/primary  atoms  =  z-N/J  (7) 


However,  measurements  of  S  are  inconvenient  due  to  the  imprecision 
with  which  J  is  measured.  To  overcome  this  difficulty,  the  sputtering 
yields  of  the  sample  matrices  (AlxGa^_xAs)  have  been  normalized  to  the 
sputtering  yields  of  the  standard  matrix  (GaAs)  measured  under  near 
identical  conditions.  Assuming  J  does  not  change  between  analyses, 
these  relative  sputtering  yields  (RS)  take  a  simple  form. 


RS  =  Sx/s0 


e 


•Nx/z0-No 


(8) 


Since  the  atomic  density  of  AlxGa^_xAs  does  not  change  substantially 
with  x,  Eq.  (8)  can  be  reduced  to  a  ratio  of  erosion  rates  for  these 
matrices.  Consequently,  relative  sputtering  yields  provide  a  means  of 
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determining  the  erosion  rates  of  sample  matrices  regardless  of  current 
density. 


Precision  and  Accuracy.  If  ion  yields  are  linearly  dependent  on 

g 

matrtix  composition,  the  practical  ion  yield  of  an  element  g  (t  )  can 
be  described  in  the  following  manner  (12): 

j 

i 


8 

x  * 


p«.C. 

ri  l 


(9) 


where  n  and  represent  the  total  number  of  sample  elements  and  the 

-  g 

atomic  concentration  (atom/cmJ)  of  element  i,  respectively.  is  a 

dimensionless  quantity  representing  the  influence  of  element  i  on  the 
ion  yield  of  element  g.  Ignoring  the  effect  of  trace  elements 
(elements  of  less  than  one  atomic  percent),  Eq.  (9)  takes  the 
following  form  for  Al^Gaj^^As: 

<pL  -  +  pL +  .p*.-  (l0) 

According  to  Eq.  (10),  a  plot  of  x,  RSF,  or  Rt  versus  x  should  yield 
a  straight  line. 

Tables  II,  III,  and  IV  summarize  the  results  obtained  using  x, 
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RSF,  and  Rt  respectively.  Each  calibration  is  characterized  by  the 
date  of  analysis,  standards  nsed,  y-intercept,  slope,  linear 
correlation,  relative  standard  deviation  of  the  slope,  and  the  average 
relative  standard  deviation  of  a  single  point.  In  addition,  analyses 
performed  on  different  weeks  were  combined  to  form  total  calibrations. 
These  total  calibrations  are  usefnl  to  determine  the  precision  of  the 
calibration  lines  and  the  precision  of  individual  points  from  week  to 
week. 


The  quality  of  these  calibration  procedures  can  be  evaluated  in 
terms  of  the  precision  of  the  line,  and  the  precision  of  each  point. 
The  Rx  calibrations  have  excellent  linearity  followed  by  the  t 
calibrations,  and  then  the  RSF  calibrations.  Similarly,  the  relative 
standard  deviations  of  the  slopes  are  smallest  (=  9%)  when  Rr ' s  are 
being  used.  In  addition,  the  Rt  calibration  lines  are  reproducible 
from  week  to  week  while  the  T  and  RSF  lines  are  not.  The  poorer 
precision  of  the  x  calibration  lines  can  be  attributed  to  the  poor 
reproducibility  of  individual  t  measurements.  The  inferior  quality  of 
the  RSF  calibrations  lines  indicates  that  the  ion  yields  of  the 
analyte  and  the  reference  elements  are  not  influenced  proportionally 
by  the  matrix  and  instrumental  effects  which  are  encountered. 
Consequently,  RSF' s  are  not  suitable  for  this  type  of  calibration. 
Alternatively,  Ex's  are  well  suited  to  matrix  calibration. 

The  quality  of  a  calibration  procedure  can  also  be  judged  by  the 
precision  of  each  measurement.  When  measurements  are  limited  to  a 
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single  analysis  period,  Rt's  and  RSF's  give  similar  precisions  (7%  and 
10%  respectively)  while  t's  are  less  precise  (18%).  However,  when 
measurements  are  performed  on  different  weeks,  Rt's  maintain  good 
precision  (9%)  while  the  precision  of  the  RSF' s  (24%)  and  t's  (60%) 
deteriorates.  The  precision  of  RSF' s  is  limited  by  those  factors  that 
influence  the  analyte  and  reference  differently.  Alternatively,  the 
precision  of  Rt's  is  limited  by  the  differences  in  the  conditions 
under  which  the  standard  matrix  and  the  sample  matrix  are  analyzed. 
The  limitations  on  the  precision  of  the  Rt's  are  more  efficiently 
minimized  than  those  of  the  RSF's.  Overall,  the  Rt  calibrations 
provide  superior  linearity  and  precision.  Moreover,  preliminary 
analysis  indicates  that  an  accuracy  of  15%  can  generally  be  obtained 
using  St  calibrations. 

In  addition  to  relative  ion  yields,  relative  sputtering  yields 
were  also  monitored  as  a  function  of  matrix  composition.  As  shown  in 
Table  V,  the  relationship  is  linear.  The  lines  are  quite  precise  and 
reproducible  from  week  to  week.  Moreover,  these  RS  calibration  lines 
have  been  used  to  determine  the  erosion  rates  of  AlxGa^_xAs  matrices 
with  an  accuracy  of  better  than  10%.  Using  RS  calibrations  to 
determine  erosion  rates  and  St  calibrations  to  determine 
concentrations,  it  is  now  possible  to  quantitatively  analyze 
multilayer-multimatrix  samples. 

Application.  The  use  of  Rt  and  RS  calibration  lines  for 
quantitative  analysis  is  straight  forward.  The  concentration  of 
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9 

analyte  at  each  point  of  a  depth  profile  (atom/ cm  )  can  be 

determined  using  Eq.  (11). 


Ip/B*x*‘e0*Dp*A 


(11) 


R*x  is  the  relative  sputtering  yield  determined  from  a  calibration 
line  for  the  appropriate  value  of  x,  and  Xq  is  the  practical  ion  yield 
of  the  analyte  in  the  standard  matrix  (GaAs).  Ip  is  the  signal  and  Dp 
is  the  depth  increment  associated  with  each  point  of  the  depth 

profile.  Similarly,  the  erosion  rate  at  each  point  of  a  depth  profile 

o 

Xp  can  be  determined  using  Eq.  (12). 


Zp  =  RSx-Zq-Nq/Nx 


(12) 


RSX  is  the  relative  sputtering  yield  determined  from  a  calibration 

o 

line  for  the  appropriate  value  of  x,  and  Zq  is  the  sputtering  rate  of 
the  standard  matrix  (GaAs).  Nq  and  Nx  are  the  atomic  densities  of  the 
standard  matrix  and  the  sample  respectively.  These  calibrations  may 
be  nsed  to  analyze  both  homogeneous  and  multilayer-multimatrix 
samples . 

Since  these  calibration  lines  are  reproducible  from  week  to  week. 
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they  axe  quite  convenient  for  the  quantitative  analysis  of  homogeneous 
matrices.  There  are  however  two  requirements.  The  sample  and  the 
standard  matrices  must  be  analyzed  under  identical  conditions; 
consequently,  a  multiple  sample  holder  is  desireable.  In  addition, 
the  matrix  composition  must  be  determined.  This  composition  can  be 
evaluated  prior  to  SIMS  analysis  using  a  nondestructive  technique  such 
as  RBS  or  photoluminescence.  Alternatively,  one  may  evaluate  the 
matrix  composition  during  the  SIMS  analysis.  Since  the  concentration 
of  As  is  constant  for  AlxGa^_xAs  matrices,  the  slope  of  the  As 
calibration  line  and  the  Et  of  As  determined  from  the  sample  can  be 
used  to  obtain  the  value  of  x. 

x  -  (Rr  -  l)/slope  (13) 

The  accuracy  of  the  SIMS  and  RBS  measurements  are  comparable  (15%  and 
10%  respectively) . 

A  mul til ayer-mul timatrix  sample  can  be  quantitatively  analyzed  as 
a  series  of  homogeneous  matrices.  Each  layer  may  be  treated  as  a 
homogeneous  matrix.  In  addition,  the  interfaces,  in  which  the 
composition  changes  from  one  matrix  to  another,  can  be  approximated  by 
linear  concentration  gradients.  Alternatively,  one  may  also  treat 
each  point  of  a  depth  profile  as  a  homogeneous  matrix  by  performing  a 
point-by-point  matrix  calibration  (A  detailed  description  of  this 
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process  will  be  presented  In  e  future  paper.). 

A  2  50  KeV  ^B+  implant  into  a  layered  sample 
(GaAs/Al ^ j2^at ggAs/GaAs)  provides  a  good  example  for  tbe  correction  of 
matrix  effects.  In  Figure  2a,  tbe  uncorrected  SIMS  depth  profile  of 
^B+  (dashed  line)  and  ”^As+  (solid  line)  in  this  sample  is  presented. 
The  first  interface  occurs  at  33  time  units  while  the  second  interface 
has  not  been  reached  in  this  profile.  Due  to  matrix  effects,  the 
vertical  and  horizontal  scales  are  no  longer  linearly  related  to 
concentration  and  depth,  respectively.  The  peak  in  the  ^B+  profile 
at  34  time  units  is  an  excellent  example  of  a  distortion  introduce  by 
the  changing  matrix  effects  at  the  interface.  In  Figure  2b,  the 
horizontal  scale  has  been  transformed  into  depth  using  Eq.  (12),  and 
the  concentration  of  AL  (solid  line)  at  each  point  has  been  calculated 
from  the  ^As+  profile  using  Eq .  (13).  The  ^  B+  profile  was  then 

corrected  and  quantified  using  Eq .  (11).  An  A1  concentration  of  2.4 

I  10  atom/ cm  ±  6.0%  was  calculated  for  the  ^lxG*i-xAs  layer  which 
agrees  to  within  experimental  error  with  the  value  obtained  from  the 
RBS  analysis  (2.7  I  10^  atom/cm^).  The  correction  procedure  had  also 
removed  the  distorted  interface  region  of  the  ^*B+  profile, 
transforming  the  profile  into  the  expected  gaussian  shape.  Thus,  the 
application  of  this  correction  procedure  can  make  a  tremendous 
difference  in  the  evaluation  of  SIMS  profiles  through  layered 
multimatrix  structures. 
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Table  1.  Implantation  Parameters 


Impl ant 
Element 

MxGai_xA  a 

Matrix 

(x) 

FI  nonce 
(atom/cm^) 

Energy 

(KeV) 

Source 

9  Bo 

0-0.37 

1  X  1014 

250 

Be  solid 

“b 

0-0.37 

1  X  1014 

250 

BFj  gas 

28Si 

0-0.37 

1  X  1015 

250 

SiF^  gas 

31p 

0-0.37 

1  X  1015 

300 

PF3  gas 
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Table  II.  Practical  Ion  Yield  Calibrations  for  AlxGa^_xAs  Matrices 


Linear 

RSD 

Week 

X  Intercept 

Slope 

Correlation 

SI  ope 

Analyte 

No. 

Values 

X  10"' 

X  10“5 

r2 

% 

9Be 

1 

0,. 12. .26, .37 

1.23 

41.5 

0.927 

32.8 

2 

0,. 13, .21. .37 

116 

67.3 

0.915 

68.6 

3 

0,. 13, .18, .21 

61.4 

32  .3 

0.995 

9.5 

28Si 

1 

36.4 

22.2 

0.989 

18.5 

2 

25.3 

15  .2 

0.987 

17  .0 

3 

38.9 

17.7 

0.984 

10.8 

3  lp 

16 

0,. 18, .26, .31 

0.82  2 

0.291 

0.936 

18.6 

32 

0,. 13, .18. .37 

1.17 

0.258 

1.000 

2.0 

21B 

16 

25.8 

7.05 

0.734 

53  .6 

32 

28.2 

17  .0 

0.994 

8.7 

75As 

1 

1.78 

0.130 

0.966 

14.6 

2 

0.932 

0.0891 

0.915 

21.0 

3 

0.940 

0.108 

0.984 

11.0 

32 

0.918 

0.0532 

0.932 

11.2 

Avg  RSD  per 

point  =* 

18.4% 

Total 

31.4 

44.7 

0.868 

12.3 

3?Sl 

Total 

11.0 

19.0 

0.994 

5.8 

31p 

Total 

1.00 

0.278 

0.928 

12.4 

21B 

m  c 

Total 

27.0 

15.3 

0.825 

18.8 

7  5  As 

Total 

0.642 

0.111 

0.722 

19.2 

Avg  RSD  per  point  =  60.4% 
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Table  III.  Relative  Sensitivity  Factor  Calibrations  for  AlxGaj_xAs  Matrices 


Linear 

RSD 

Analyte 

Week 

X 

Correlation 

Slope 

Reference 

No. 

Values 

Intercept 

Slope 

r2 

% 

9Be/75As 

1 

0,. 12. .26. .37 

47.0 

890 

0.731 

33.6 

2 

0,. 13. .21, .37 

84.8 

573 

0.894 

23  .0 

3 

0.. 13. .18, .21 

66.5 

950 

0.995 

4.7 

28Si/75A s 

1 

39.8 

271 

0.708 

38.2 

2 

39.4 

382 

0.903 

24.2 

3 

36.0 

711 

0.936 

37.8 

31P/75A, 

16 

0,. 18. .26. .31 

1.58 

9.67 

0.715 

40.3 

32 

0, .13. .18, .37 

1.88 

4.91 

0.827 

58.9 

“b/^As 

16 

30.7 

454 

0.945 

26.1 

32 

60.9 

509 

0.940 

17.1 

Avg  RSD  per 

point  = 

10.4% 

/jBe/^As 

Total 

88.7 

740 

0.694 

16.8 

28Si/75As 

Total 

42.7 

357 

0.804 

17.7 

31p/75As 

Total 

2.41 

4.45 

0.464 

79.2 

21B/7^As 

Total 

34.0 

481 

0.883 

19.2 

Avg  RSD  per  point  ”  24.4% 
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Table  TV.  Relative  Ion  Yield  Calibrations  for  AlxGa^_xAs  Matrices 


Linear 

RSD 

Week 

Z 

Cor  re  1  at  ion 

SI  ope 

Analyte 

No. 

Values 

Int  er  cept 

SI  ope 

r2 

% 

9Be 

1 

0,. 12. .26, .37 

1.0 

52.9 

0.999 

6.4 

2 

0, .13, .21, .37 

1.0 

42.6 

0.996 

4.3 

3 

0,. 13, .18, .21 

1.0 

41.7 

1.000 

14.2 

28Si 

1 

1.0 

44.5 

1.000 

9.8 

2 

1.0 

40  .1 

0.975 

5.7 

3 

1.0 

45.9 

1.000 

9.6 

31p 

16 

0,. 18, .26, .31 

1.0 

21.2 

0.995 

9.6 

32 

0,. 13, .18. .37 

1.0 

23  .0 

1.000 

2.5 

12b 

16 

1.0 

46.7 

0.990 

10.7 

32 

1.0 

39.5 

1.000 

8.6 

75As 

1 

1.0 

6.00 

0.933 

15.7 

2 

1.0 

6.54 

0.991 

2.8 

3 

1.0 

5.76 

0.980 

12.4 

32 

1.0 

5.32 

0.925 

11.0 

Avg  RSD  per 

point  =  7 

.4% 

28B* 

Total 

1.0 

46.3 

0.981 

13.7 

3?Si 

Total 

1.0 

44.7 

0.986 

5.0 

31p 

Total 

1.0 

22.1 

0.942 

4.6 

ilB 

Total 

1.0 

46.6 

0.961 

7.0 

7  5  As 

Total 

1.0 

5.76 

0.917 

7.0 

Avg  RSD  per  point  =  9.2% 
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Table  V.  Relative  Spattering  Yield  Calibrations  for  AlzGa^_zAs  Matrices 


Line  ar 

RSD 

Week 

Correlation 

Slope 

No. 

Intercept 

Slope 

r2 

% 

1 

1.0 

-1.00 

0.928 

11.8 

2 

1.0 

-1.01 

0.913 

12.5 

3 

1.0 

-0.89 

0.991 

4.0 

16 

1.0 

-0.88 

0.997 

3.2 

32 

1.0 

-0.75 

0.934 

11.6 

Avg  RSD  per 

po int  =  3.8% 

Total 

1.0 

-0.86 

0.906 

8.3 

Avg  RSD  per  point  =  7.9% 
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FIGPRE  CAPTIONS 

Figaro  1.  A  hypothetical  AlxGa^_xA*  super  1 attice .  The  thickness 

T  of  the  layers  can  vary  from  several  angstroms  to  several 
microns  while  x  can  be  varied  from  0  to  1. 

Figure  2.  SIMS  depth  profile  of  a  250  Kev  implant  into  a 

GaAs/Alg 4i2®a0 . sample.  (a)  oncorrected 

profile  of  11B+  ( -  -)  and  75A s*  C - ); 

(b)  concentration  profiles  of  B  (—  -  -)  (2.0  X  10^® 
atom/cm3  full  scale  }  and  A1  ( - )  (1.0  X  1022  atom/cm3 


full  scale). 
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